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Hematological diseases: continuous clinical entities
Clonality

CHIP, Clonal hematopoiesis of indeterminate (clinical) potential. ICUS, Idiopathic cytopenia of unknown significance. IDUS, Idiopathic dysplasia of unknown significance. CCUS, Clonal cytopenia of unknown significance. MDS, Myelodysplastic syndromes. PMF, 
Primary Myelofibrosis. BMF, Bone Marrow Failure syndromes. AA, Acquired Aplastic Anemia. AML, Acute Myeloid Leukemia.



The long walk of BMF



BMF – a complex classification

Giudice V, et al. Int J Mol Sci. 2021 Jan 12;22(2):705. 

• Immune-mediated BMF 
syndromes
• Acquired Aplastic Anemia 

(AA)
• Hypoplastic myelodysplastic 

syndrome (hMDS)
• Large granular lymphocyte 

leukemia (LGL) 
• Paroxysmal nocturnal 

hemoglobinuria (PNH)



Immune-mediated BMF – many points of view

Young NS. N Engl J Med. 2018 Oct 25;379(17):1643-1656. 

By clinical symptoms

By lineage involment and 
type of immune response



Immune-mediated BMF – different responses

Patel BA, Giudice V, Young NS. Best Pract Res Clin Haematol. 2021 Jun;34(2):101276. 

• In normal hemopoiesis, immune system 
is fine-tuned. 
• In immune-mediated BMF, various 

combinations of cell subset and cytokine 
derangement cause a wide range of 
clinical manifestations. 
• Mainly Th1-mediated immune responses 

and cytotoxic CD8+ T cell-mediated 
autologous immune attack against HSCs.
• Hematological recovery of blood counts 

after immunosuppressive therapies (ISTs) 
is one of the strongest evidence for the 
immune-mediated pathogenesis.



• An unknown viral infection 
affecting stem cells might cause 
cross-reactivity with self-
antigens and subsequent 
autoimmune clone expansion. 
• Infected cells preferentially 

trigger T helper (Th) 1 response, 
the predominant CD4+ T cell 
subset involved in viral 
clearance through activation of 
cytotoxic T cells (CTLs) via 
interferon-γ (IFNγ) or tumor 
necrosis factor-α (TNF-α). 
• CTLs expand and directly kill 

cells also through Fas-ligand 
(FasL) secretion. 

Back in ‘90s

Young NS. JAMA. 1999 Jul 21;282(3):271-8. Giudice V, Risitano AM, Selleri C. Front Med (Lausanne). 2021 Nov 4;8:757730. 



• The scenario is even more complex than 
thought! 

• Predominant role of CTLs in marrow 
destruction, and type I interferons (IFNs) 
polarizing the immune system toward 
Th1 responses.

• Effector memory CD8+CD28–CD57+ T 
lymphocytes are frequently expanded in 
BMF and could mediate BM destruction.

• CD4+CD25highFoxP3+ T regulatory cells 
(Tregs) are decreased, while Th17 might 
be expanded in severe AA. 

New perspectives

Giudice V, et al. Int J Mol Sci. 2021 Jan 12;22(2):705. 



Back in ‘90s… the predominant role of IFN-γ

Selleri C, et al. J Cell Physiol. 1995 Dec;165(3):538-46. 



IFN-γ: the principal BM blocker

Selleri C, et al. J Cell Physiol. 1995 Dec;165(3):538-46. 



IFN-γ: the «kill-me» inducer on HSCs

Maciejewski J, Selleri C, Anderson S, Young NS. Blood. 1995 Jun 1;85(11):3183-90. 

Fas expression iNOS expression

Maciejewski JP, Selleri C, et al. J Clin Invest. 1995 Aug;96(2):1085-92. 



Back in ‘90s… the predominant role of IFN-γ

Giudice V, et al. Int J Mol Sci. 2021 Jan 12;22(2):705. 



• IFN-γ and TNF-α are historically implicated in AA pathogenesis; however, several other proteins might 
be involved.

New perspectives and biological features

Giudice V, et al. Exp Hematol. 2018 Dec;68:38-50. 



Digging in the mine of BMF data

Giudice V, et al. Exp Hematol. 2018 Dec;68:38-50. 



J. Pollock, 1952, Convergence



Treatment-modified proteins in AA
Before – after therapy
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Treatment-modified proteins in CR and PR
Before – after therapy
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Pathways in CR and PR
Before – after therapy
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Proteins and pathways in NR
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Protein profiling in CR



Protein profiling in NR / PR



IFN-γ: from new to old-fashioned molecules
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IFN-γ: from new to old-fashioned molecules
HIF-1 signaling pathway
Pathways in cancer



IFN-γ: from a different point of view - LGL

Gao S, et al. Nat Commun. 2022 Apr 11;13(1):1982. 



Targeting IFN-γ pathways – JAK1/2 

Groarke EM, et al. Blood. 2023 Jan 5;141(1):72-89. 



Targeting IFN-γ pathways – JAK1/2 & cytokines

Groarke EM, et al. Blood. 2023 Jan 5;141(1):72-89. 



Targeting IFN-γ pathways – JAK1/2 & pathways 

Groarke EM, et al. Blood. 2023 Jan 5;141(1):72-89. 



Targeting IFN-γ pathways – JAK1/2 & genes
Putative gene network interactions with the dysregulated 
genes in CD8+ T cells from Ruxolitinib-treated BMF mice

IFNG, STATs, SOCS1
Groarke EM, et al. Blood. 2023 Jan 5;141(1):72-89. 



R. Magritte, 1966, Décalcomanie

Ruxolitinib Eltrombopag



Alvarado LJ, et al. Blood. 2019 May 9;133(19):2043-2055. 

Targeting IFN-γ pathways – Eltrombopag 



Alvarado LJ, et al. Blood. 2019 May 9;133(19):2043-2055. 

Targeting IFN-γ pathways – TPO

Giudice V, et al. Exp Hematol. 2018 Dec;68:38-50. 



Tarantini F, et al. Front Pharmacol. 2022 May 23;13:906036. 

Targeting IFN-γ pathways – Growth factors 



ALL ROADS LEAD TO ROME



• Acquired BMF syndromes are considered immune-mediated disorders 
because hematological recovery after immunosuppressive therapies 
is the strongest indirect evidence of the involvement of immune cells 
in marrow failure development. 
• Predominant role of CTLs in marrow destruction, and type I 

interferons polarizing the immune system toward Th1 responses; 
however, other T cell subsets are involved. 
• IFN-γ and TNF-α are historically implicated in AA pathogenesis.
• Exogenous and stromal cell-produced IFN-γ inhibits HSPC growth and 

reduces self-renewal of HSCs probably impairing TPO signaling 
pathways. In addition, IFN-γ directly suppresses erythropoiesis by 
blocking HPSCs at the earliest stages of differentiation.

Conclusions and future perspectives (1)



• Currently used immunosuppressive therapies might exert their clinical 
efficacy by directly blocking T cell differentiation and by indirectly 
interfering with type I IFN responses. 
• TPO receptor agonist eltrombopag efficacy might be related to: (i) a 

direct HSC growth stimulation; (ii) indirect immunomodulatory 
effects; and (iii) a decoy IFN receptor function. 
• JAK1/2 inhibitors are promising therapeutic approach for AA mainly 

because of their immunomodulatory and anti-inflammatory effects by 
modulating pro-inflammatory cytokine production.
• IFN-γ still remains the central cytokine driver of acquired BMF 

syndromes. 

Conclusions and future perspectives (2)



GRAZIE PER L’ATTENZIONE

Gli uomini passano, le idee restano. 
Restano le loro tensioni morali e continueranno a 

camminare sulle gambe di altri uomini.
Giovanni Falcone


